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Variance of Naval Shipyard Wrk Standards

Howard M Bunch, Menmber, UMIRI, University of Mchigan, A Arbor, M

Abstract:

This paper is a presentation of the results of a
study conducted at a U S. Navy shipyard during

1987 concerning the relationship between

engi neering standards and the variances that were
occurring in production budget and charged
manhours. The 10 engineering standards having
the greatest manhour variances were exam ned
These standards, as a group, accounted for about 62
percent of the manhour variance that was reported
during the first nine nonths of 1987. The study
indicated that, with one exception, all of the
standards were “generic” in their application, i.e.
they can be applied over a wide range of job
orders. The studr also concluded that engineered
standards are only partially responsible for the
production variance

I ntroduction

In 1985-86 there was an intensive managenent
analysis of US. Navy shipyard operations with the
obj ective of making specific recomendations that
woul d strengthen the operations of these activities
The report'indicated that inflated return costs |ead
to msuse of shipyard resources and increased
costs. A sanple of 38 key operations showed an
average variance'of 41 percent over the standards
One of the specific elements identified as a
contributor to this problemwas “estimates
derivation’."

In 1987 the author, while on tenporary
assignnent at Philadel phia Naval Shipyard, was
asked to investigate the role of engineered (or pre-
determined) time standards as a contributor to the
workl oad variances that were occurring at that
yard. The request was ﬁartially the result of the
criticism levied by the Navy shipyard operations
evaluation, cited above; however, Philadelphia
Naval Shipyard's management had independently
arrived at a desire to investigate the Iink-up
between cost variance and engineered standards,
especial ly as it mght affect their planned
i npl enentation of zone-logic construction
concepts. 6

151

This paper is a summary presentation of the
investigation that occurred, and includes the
conclusions and recomendations that were a part
of the report. Finally, there is an update of what
has actually occurred relative to the
reconmendations in the 18 nonths since the
investigation was conpl et ed

Engi neered standards

At Philadel phia Naval Shipyard the engineered
standards are devel oped fromthe “Allowed” or
“Standard time (T), which is the combination of
“Wrk-Factor” time (W, plus an allowance factor
for personal, unavoidable delay, and fatigue (A)

T= WA (1)

“"\Wrk-Factor’ time represents the output
attainment capability of averaged experienced
operators, working with good skill and good effort
and without interruptions or delays; it is the
comon denomi nator and index of output
capability (expected attainment) for the world
popul ation of average experience operators.” 7

“Personal , fatigue and delay allowances is the
time allowed a worker to compensate for attending
to personal needs, for fatigue, and for delay
occurring due to conditions beyond his control
This time is additive to the nornal tine required to
acconplish a job. The inclusion of this allowance is
common practice in the devel opment of a |abor
standard. . . .8 The allowance factor will typically
have a range of 1.02 to 1.30

The standard time (T) is further adjusted to
allow for non-productive or standby time. This
final calculation is performed by the planner and
estimator, and results in the “Standard Manhour
Al owance” (SMH), or sonetines called the
“Planning Standard” (PS). At Philadel phia Nava
Shipyard the termis called “Engineered Standard”
this expression was the one used in this paper. Thus
the Engineered Standard (ES) is the time actually
assigned to a particular task, and includes the
standard time (T), plus allowances for non-process
(or non-productive) time (NT)

ES= TNT ()



The Study Approach
The study plan was conprised of three phases

1. analysis of the yard's use of engineered
standards during 1987, isolating those that
had the largest occurrence of manhour
variance (both overall and by production
gr oup)

2. devel opment of a cause-effect diagram
that described the factors that can cause
production variance to occur; and evaluating
the effect of engineered standards on the
over-all work variance, and

3. suggestion of an action plan for
reducing production variance attributed to
engineered standards.

Analysis of Engineered Standards

As shown in Table 1, a total of 2,173,988
manhours was budgeted for assigned work on
22,334 key operations during the study period;
there was, however, a total of 2,846,717 manhours
expended to acconplish the assigned tasks. The
ditference (or variance) between the two amounts
is36§f,729 manhours, or a performance factor of
131

The key operations were then linked to the
engi neered standards used to devel op the budgets
for each key operation; the standards were next
arrayed on the basis of the amount of variance
occurring on key operations associated with each
standard. The Top 10 standards, in terms of
amunt of variance, are shown in descending order
in Table 1. Six standards accounted for over 50
percent of the variance; yet they were involved in
only 26 percent of the key operations (5,882 versus
22,334) The avera%) key operation was budget ed
at 153 manhours, but required 210 manhours to
cogglete The resu|t|ng performance factor was
1.38.

Table 1 continues the listing through the “Top
10°; the group accounted for nearly 62 percent of
the total reported variancc, even thou?h it
accounted for only 38 percent of the total key
operations §8437 versus 22334). The average key
operation for the group was budgeted at 129
manhours, but required 178 manhours: the
perforrnance factor was 1.38. It should be noted,
also, that the "Top 10" standards were with one
exceptlon generic in nature, i.e., they were
designed to provide gU|dance for a broad
functional work activity. e.g., structural welding.

...... Percent of Totul Varieacs | Perfcrmancs

Menhours renhours

-=~ENGINEERED STANDARD ==~ ®of ==~eusIANHOURS
Numbsr Nams Line items Aliowed Expsnaes vsrience Line Curmulative Factor Buggat/®items Ar:lu:l_l-nm:
088-001 Piping--Remever, Fadricets, 1,082 426,794 536,765 109,971 16.35% 16.35% 1.26 22840 2873S
Class P1, P2,P3
100-303 Structurs! Fiald instsllstion [14] 79,038 163,737 83,901 12.47% 28.82% 208 11898 24402
Aluminum snd Steel
026~903 [wWelding, Structurst/Production 854 100,263 185,217 54,954 817% 36.99% 1.55 11218 173.82
304-301 Electricel Elsctronic & Firs 1,943 180,043 221,616 33.573 4.99% 41 98X 118 9678 11408
Centrol Cadle & Equipment
{nstalintion
505-34% Welging, Pips 492 68,648 98,174 29,528 439% 48.37% 1,43 13953 199 54
Class #1 &P2 (Fleld)
387-014 Cotlapult Launching Engine 14 38,857 61,192 25,535 3.80% $0.16% 172 2546 93 4370.86
Components, Shipboars RPR
CO38-30¢ |VYalves, GTV, LD&HI, Prass & 147 22,612 48,701 24,089 3.58% 53.74% 2.07 153.02 31769
Welged-in, Insp Rpr & Test
0100-30S jtructural Foundetion, Al & Sten (¥4 39,050 61,590 22,340 3.35% 57.09% 158 5760 90.84
Assemble & Install
0100-308 Access Opentng, (11 ] 48,396 82,323 18,728 2.34% 39.43% 134 8773 9039
Rornove and instsll
0004-332 Rigger Service 1,042 1713 91,208 14,073 2.09% 61.528% 118 7402 8753
Surtacs Craft
---Tllg,_'fl) [ Masted S BB82 899 241 1,238,701 337,460 50.156% $0.18% 1.38 lSZﬂ 21028
===Totsl, “Tep 10°-2= 9,437 1,084,830 1,498,523 413,893 61.92% 81.32%8 138 128 86 17781
l .
>=~All _Stendsrds Beysnd “Tep 10°-- 12,897 1,089,358 1,348,194 258,836 38.48% 100.00% 1.24 7839 27 01
~==GRAND TOTALS ==~ 22,334 2,173,988 2,048,717 872,729 100.002 131 97.34 127 46

TABLE 1. THE “TOP 10”

ENG NEERED STANDARDS HAVI NG THE

GREATEST MANHOUR VARI ANCE AT PHI LADELPH A NAVAL
SH PYARD- NI NE MONTHS OF 1977.



The excePtion was standard #587-914, dealing with
catapult launching equipment repair. But, even in
this case the key operation budgets were so large
(approximately 2500 manhours) that it too could be
considered as a generic standard.

The rest of the engineered standards beyond the
“Top 10" accounted for about 38 percent of the
total reported variance.  The performance factor
for this group was 1.24, and the average work
order was budgeted at 76 manhours, but required
97 manhours.

The relationships between key operation size

and the performance factors for the engineered

standards are shown in Figures 1 and 2. A least-
sguares fit of the data for nine of the top ten
standards “indicates a slight upward movement in
the performance factor for those engineered
standards with larger budgeted manhours per work
order, depicted in Figure 1. The wide scatter in the

data (confirmed by R = .12) suggests, however,

that budgeted manhours is not the major variable
affecting the performance factor. Or, at least,
there is a weak linear relationship between the two
variables.

300
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FIGURE 1 KEY OPERATIONS AVERAGE JOB BUDGET

MANHOURS FOR VARIOUS ENGINEERED STANDARDS.
PHILADELPHIA NAVAL SHIPYARD-NINE MONTHS OF 1977.
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FOR VARIOUS ENGINEERED STANDARDS. PHILADELPHIA NAVAL
SHIPYARD-NINE MONTHS OF 1977.



Figure 2 plots the relationship between the

performance factor and the actual manhours
required to conplete the key operation. In this
case, there is a significant increase in the
performance factor as the amount of manhours
required to conplete the job increases. Too, the
strength of the relationship increases, as evidenced
by the higher “R" statistic.

There were three conclusions from this portion
of the analysis:

1. Engineered Standards that produce
| arger manhour allocations for a work
assignment tend to result in larger
performance factors.

2. A common characteristic of those
standard producing the greatest manhour
variance (I.e., the “Top 10") was that they
were generic in scope, i.e., the standards
consisted of general descriptions of tasks and
associ at ed manhours, and the planner was
required to construct the specific work
assi gnnent budge: by referring to the
general data tables in the standard; and

3. Consistent with the situation in mny
cause-effect analyses, a significant amunt of
the total production manhour variance could
be linked to a few engineered standards.
(This was an exanple of the “significant few
versus the the trivial many” phenonena.)

The study was expanded to exam ne the
relationship between the performance factors of
specific production unit key operations and their
l'ink-up with engineered standards.

Figure Il presents the key operations
performance factors during the study period for
each of the production units; the range was froma
low of 1.10 (for the production services group) to
a high of 1.58 (for the mechanical machinery
group). The figure shows that the production
groups can be divided into two classifications:
those groups whose performance factor is bel ow
the average (the Production Services Goup. Pi Ee
Boi ler Group, and the Electrical Goup), and the
roups whose performance is above the average
((]Mechani cal Machinery Goup and the Structural
Group).

An attenpt was then made to see if there was
any clear link-up between the below and above-
average clusters, and their involvement in the “top-
10" standards. To do this, an exam nation was
made of standards most associated with high
variances in each of the production shops of each
group. The “Top 5* standards in each shop were
examned.  Table 2 shows the reults of this
analysis, with the groups with above-average
performance factor (as shown in Table 1) being
di splayed above the dashed line. The analysis gave
mxed results. The data indicated that the

Shipyard AveregeThlllml'llllllll TN T e v gagiig 1.3
Production Services | —J1.1
Pipe Boller Group § 1.28
Electrical Group e 1.1S
Mechenical Mschinery Group 1.58
Structursl Group 1.43
(o] 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6
Per f or mance Factor
FIGURE II1. PRODUCTI ON PERFORMANCE FACTOR FOR

PRODUCTI ON  GROUPS.
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- Top 10 Standards=e==ceccecees Jotei, All Stengardseeeeeee.
Budget | Actus! l Varience | Performence Bugget | _Actuel _} wvartence |Psrformenca| Part Fector
~==production Shop=== secaceMBNROUrs sneee Factor Henhourg====- Fector w/oTop 10
Structurs] Group 325983 $32952 206569 1.63 698349 996557 298208 143 1.25
Mechenicel/Machinery 57902 107422 49520 1 85 243355 392753 144398 1.58 1.50
Group
D CERRE S S A—— s
Electrical Group 164511 189155 24544 115 243168 278695 35527 115 1.14
Pipe/Botler Group 414168 534134 119966 1.29 521510 671456 149956 1.29 1.28
Proouction Servicss 082826 97535 14709 1.18 462604 507238 44534 110 108
Group
Totels, Al) Groups 1045490 1451198 415708 1 40 21738086 2045709 672723 131 123

Source: PNSY

TABLE 2.

RELATI ONSH P OF ‘ TOP 10

STANDARDS UPON

PRODUCTI ON GROUP  PERFORMANCE.

Structural Goup’s greatest amount of variance
was associated with those standards in the
shi %yard‘s “Top 10".  The other above-average
production group, Mechanical and Machinery
Goup, did not have the same association. Owlﬁ
about 23 percent of its variance was associated wit
the “Top 10".

The same inconsistency occurred in the bel ow
average groups. The Pipe and Boiler Goup had
an extremely strong link-up with the “Top 10"; the
Electrical Goup had moderate link-up, and the
|P_rokduction Service Goup had about 18 percent
i nk-up.

Table 2 does reveal, however, how nuch the
performance factor for the groups, and for the
entire shipyard, would be reduced if the variance
for the Top 10 standards were eliminated. For the
entire shipyard the inprovenent factor would be
reduced from 1.31 (indicated in Table 1) to 1.23
an inprovement of eight points, or about a 415
thousand manhour reducti on.

This portion of the analysis resulted in the
fol lowing conclusions:

1. Elimnating the variance in the “Top
10" standards woul d result in significant
reductions in manhour overruns;

2. Wile there are major differences in
the performance factors for the production
groups, the variances associated with the
“Top 10" standards affect all of the
production groups. However, the Structural
Goup would  show the greatest

improvenent if the variance for the “Top
10" were elimnated.
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Anal ysis of Cause-Eifect Relationship
Production Variance

Cause-and-ef fect diagrams are drawn to
illustrate the various causes affecting a result by
sorting out and relating the causes. The cause-and-
effect diagram sometines called an “Ishi kawa
diagrant after the Japanese professor that first

used the concept, can be applied to any problem It
was applied to this problem because of the need to
better understand all of the factors that can affect
production variance.

Figure IV is a cause-and-effect diagram that
shows sone of the causes that can effect production
variance. During preparation of the chart several
interviews were held with production, planning,
and industrial engineering personnel at
Phi | adel phia Naval Shipyard” The figure
includes the comments of those interviewed as to
the nore significant reasons for production
variance.

I'n meking the chart the following steps were
fol | owed:

Step 1: Decided upon the effect
characteristic to be evaluated. In this case,
the effect statement was: “the difference in
al lowed versus expended manhour budgets.”

Step 2. Wote the effect characteristic on
the right side of the chart. Then drew a
blré)ad arrow fromthe left side to the right
si de.

Step 3: Wote the main factors causing the
effect, directing a branch effort for each
factor to the main arrow The causal factors
were grouped into four main categories:
equi pment  (machines and tools), procedures
(processing actions), policies (managenment
or organizational guidelines), and people
(training, attitude, behavior).




step 4 Wote in the detailed factors
relating to the main factors. The
subdivisions of the detailed “factors are
shown as connecting twigs

Step 5. Indicated wth an asterisk the
detaiFed factors that are in some way related
to engineered standards

Figure 1V dramatically illustrates the variety of
factors affecting production variance in the
shipyard. ~ Inportantly, any one of the Factors
could, in any specific situation, be the major cause
for a project overrun (or production variance)

An asterisk (*) is attached to those causes that
are related to engineered standards. Importantly,
standards-rel ated causes for production variance
account for only a few of the total possibilities.
On the Policies branch of the diagram for
exanpl e, “unclear instructions” can lead to an
engi neered standard that is incorrect, or mght be
i mproperly applied

The other instances where cause-linkup occurs
with an engineered standard are in the Procedures

Equipment
Poor enginearing >
\ - Not availadle

branch of the diagram The causes are “wong
assunptions,” “not clear,” “calculations incorrect,’
and “antiquated procedures.” Wth respect to the
last item it was estinated in one interview that at
least 40 percent of the standards are antiquated at
any monent in tine.“Additionaly a percentage
of the procedures are not covered by engineered
standards: one estimate was that about 70-80
percent of the production manhour budgets are
devel oped from engi neered or estimated
standards. "

At the beginning of the interviews nost
interviewees expressed the opinion that engineered
standards were major causes of production
variance. Wen the interviewees were shown a
cause-effect diagram simlar to that displayed in
Figure IV, they then acknow edged that ‘ot her
causes were probably more significant, and that the
standar ds-variance |ink-up was not as strong as
originally surmsed. One especially know edgeabl e
interviewee, a person who has been involved in
several shipyard reviews of production variance
felt that “poor communication” anong people was
the greatest single contributor to production

T b AL AW e

O 9. °,
% S g [
°r' Not working B

CJ
o”,‘ Improper slignment ssttings %
% 2

worn/Damaged \ N\ M

<

%
3,
2,
,
?,

. \

Difference
in Allowed

l

FI GURE | V. CAUSE- EFFECT DI AGRAM OF DI FFERENCES | N

ALLONED VERSUS EXPENDED PRODUCTI ON MANHOURS AT
PH LADELPI A NAVAL SHI PYARD
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The conclusions of this phase of the analysis
vier e:

1. The causes for production nmanhour
variance are numerous, and those related to
engi neered standards are in the mnority.

2. Antiquation is the mjor deficiency of
engi neered standards relative to production
variance. About 40 percent of the standards
are antiquated relative to current practice, at
any specifc point in time

3. Causes linked to engineered standards
are not as significant a factor in production
variance as Is generally surmsed by some
shipyard managenent.

Action Plan for Reducing Production Variance
Attributed to Engineered Standards

It was decided to focus attention on reducing the
variance associated with the “Top 10" standards

The decision was nmade by Phil adel phia
Shipyard managenent to adjust their priorities of
updating specific engineered standards; the
standards listed in the “Top 10° were moved up in
the time schedule for reconsideration. Table 3
describes the changes in priority that were mde
The table also shows the status of those
comitnents for change as of June 1, 1989--some
22 months after the decision to proceed

As a result of the investigation, and
recomrendations, the shipyard did take action to
effect inprovements in the relationship of
engineered standards to production variance
Wile the study also highlighted the fact that
engi neered standards are not the mgjor cause of
production variance, the significance of the
standards-variance relationship was sufficiently
strong to warrant proceeding with an inprovenent
effort. Inportantly, the investigation gave
guidance as to those standards which should be
given the greatest priority in being reevaluated. 15

listed in Table 1,

shown earlier.

-—ENGINEERED STANDARD— PRIORITY ADJUSTMENTS
Number Name _MADE IN 1987 STATUS A/O JUNE. 1989
056-801 Piping--Remover, Fabricate, Was being reevaluated at ime of Superseded by¥0056-349. New
Class P1, P2, P3 study. Release was set for 12/87. standard issued in 1/89
100-303 Structural Field Installation Moved up to #25 on priority list. Not| Superseded by 0100-349. New
Aluminum and Steel on hst previously. Scheduled to start standard issued in 11/88.
work before 12/87
026-903 Welding, Structural/Production Was being reevaluated at ime of Superseded by 0026-348. New
study. Release was set for 9/87 standard issued in 12/88
304-301 Eiectrical Eiecironic & Fire Was being reevaluated at ime of Revisedand updaled Change
Controt Cable & Equipment study. Release was set for 8/87 issued in 9/88
Installation
0505-349 Welding, Pipe Moved up to #6 on priority list. Revised and updated to 0505=349A
Class P1 &P2 (Field) Praviously had been #34 on list. Change issued in 1/88
587-914 Catapult Launching Engine Release projected for 10/87. Moved no change
Components, Shipboard RPR up in priority.
0038-306 Valves, GTV, LC?H1, Press & Moved up to #9 on priority list. Revised and updated to 0038-306A
Welded-In, Insp Rpr & Test Previously had been #13 on list. Change issued in 8/88
0100-305| Structural Foundation, Al & Steel Listed as #29 on priosity list. No Superseded by 0100-349 New
Assemble & Install change in status. standard issued in 2/89
0100-306 Access Opening, Moved up to #12 on priority list. no change
Remove and Install Previously had been #30 on fist.
0504-352 Rigger Service Moved up to #10 on priority list. Superseded by 0904-349 New
Surtace Craft Previously had been #28 on list. standard issued 2/89

REEVALUATI ON OF THE “TOP 10

ENG NEERED STANDARDS

AFTER BEI NG | DENTI FI ED TO SH PYARD MANAGEMENT.
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As can be seen in examnation of Table 3,
several of the “Top 10° standards were eval uated
and put into the shipyard's systemin 1988. It is
expected that it will be at least two years before
sufficient data is avilable to determne whether
production variance reductions have occurred as a
result of these reevaluations. Current managenent
is of the opinion, however, that reductions will
occur. Additionally, the managenent is now
consistently giving high prioritg for reeval uation
to any standard that is shown to have links to those
key operations that have high production
vari ance.
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Measurenent”, Science Managenent Corporation, 1977.

. 8. Personal, Fatigue,| and, and Delay A'llowances
Phi | adel phia Naval Shipyard Document, Undafed.

‘The performance factor is the quotient of actual
manhours divided by budgeted manhours. .

"Engineered Standard #587-914, “Catapult Launching
Engi ne " Conponent's,  Shi pboar d RPR" ‘was onitted fron
thi's analysi's because of In umgue statistical profile. The
sizes of ‘work orders performed under this standard were
aﬁprom mtely 15-30 times greater than for the remainder of
the standards.

15.8

“Interviews vere held duri n% the period August 1-12,
1987. Interviewed persons included W Henphill, Onen
Mran, W stepler, J. MIler, and A Cates, Code 380; N
Battista and D.Hel ker, Code 2030. A 'n#,ervi eved
personnel were civilian enployees of Ph||ade\p la Naval

Shi pyard.
pfz_ Ibid
13 I bidd

MWth the introduction of zone technol 0y at
Phi l adel phia Naval Sh|Fyard, the percentage of manhours
budgets derived from standards has diminished, and as of
June, 1989 vas running about 60 Fercent (Source: tel ephone
convg{saﬂon wth M. T. ODomnell, PNSY, July, 1989.)

el ephone interview with M. T. O Donnell, Head,
Methods and Standards Branch, Production Engineering
Dwfﬁon, PNSY, July, 1989.

ronically, reﬁorts. were already being issued on a
quarterly basis in the Philadelphia Naval Shipyard reporting
system (PNSY Report #PCL05-A) that showed the
relationshi Es of production variance and engineered
standards. For some reason, the reports were being
overlooked by the shipyard's management as they made
priority decisions concerning reeval uation of specific
standar ds,

p’?}).(ﬁt. 0 Donnel .
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